CONTEXT AND OBJECTIVE: Biopsies are used after liver transplantation to evaluate fibrosis. This study aimed to evaluate the elasticity of transplanted livers by means of a non-invasive examination, acoustic radiation force imaging (ARFI) elastography, correlating the results with the histological analysis. DESIGN AND SETTING: Cross-sectional study in a public university hospital. METHODS: All patients consecutively operated between 2002 and 2010 with an indication for biopsy were evaluated by means of elastography. The radiologist evaluating ARFI and the pathologist doing anatomopathological examinations were blinded to each other's evaluations. RESULTS: During the study period, 33 patients were included. The indication for transplantation was cirrhosis due to hepatitis C in 21 cases (63%). Liver biopsies showed absence of fibrosis (F0) 
INTRODUCTION
Liver transplantation is an established form of therapy for treating acute and chronic end-stage hepatic diseases and for some hepatic tumors, with ten-year graft survival greater than 70% at most transplantation centers. [1] [2] [3] [4] Nonetheless, histological changes in transplanted livers can occur subclinically and progressively even in asymptomatic patients and without significant laboratory alterations. [3] [4] [5] [6] Liver biopsy is currently the gold standard for histological evaluation of the liver. [7] [8] [9] [10] However, it is invasive and poses a risk of complications with morbidity around 0.3 to 0.6% and mortality of 0.05%, besides hospitalization of at least 6-18 hours. 3, 4 In order to diagnose these alterations, some transplantation centers recommend routine biopsies at fixed intervals (annually) after liver transplantation, thus called "protocol biopsies".
11
Other centers do not follow this protocol, taking the view that liver biopsy is both risky and invasive. 3, 4 The main histological alterations observed in anatomopathological evaluations on biopsies on transplanted livers involve inflammation and fibrosis. 6 However, the degree of fibrosis may be underestimated in situations of inadequate sampling, given that the volume of the sample evaluated in the biopsy is only 1/50,000 of the organ. There have been reports of discrepancies in both inter and intraobserver histological analyses, at estimated rates of 10 to 30% of the cases. 12 New noninvasive diagnostic methods, such as serum tests, magnetic resonance imaging and elastography, which have shown significant correlation with the histological test, 13 Elastography and other noninvasive methods have been used over the short term (one to five years) on patients undergoing liver transplantation, in order to determine the degrees of fibrosis. 8, 9, 11, 21 Determination of the degrees of hepatic fibrosis in liver transplant patients is crucial for early detection of fibrosis and for making decisions on the therapeutic approach to be adopted.
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OBJECTIVE
The current study aimed to evaluate liver elasticity in patients who had undergone liver transplantation at least one year earlier, by means of ARFI elastography, correlating the results with the histological analysis and determining a cutoff value for ARFI results by comparing patients presenting fibrosis grades 0 and 1 with those presenting grades 2 to 4.
METHODS
Study design, location and ethics
In this cross-sectional observational study, we analyzed patients 
Procedures: biopsy, elastography and laboratory tests
The biopsy, elastography and laboratory tests were carried out on the same day, or with not more than 15 days between the procedures. All the ultrasound scans were performed by the same radiologist (JS), and all the anatomopathological exams by the same pathologist (VA). The radiologist and the pathologist were blinded to each other's evaluations and to the patients' laboratory results.
Blood samples were also taken from the patients (not more 
Statistical analysis
The MS-Excel electronic worksheet (Microsoft Office 2010 version) was used to organize the data, and IBM SPSS (Statistical Package for the Social Sciences), version 22.0, was used for the analysis. A significance level of 5% (P < 0.05) was used.
For inferential statistics, the measurements from ARFI elastography were compared between the fibrosis groups using the Mann-Whitney test. The Kruskal-Wallis and Mann-Whitney tests were used on the ARFI elastography measurements and groups were formed according to the fibrosis scores from the different hepatic regions. The ARFI elastography was analyzed via the median and the mean of the replicates. Cutoff values for elastography were investigated using receiver operating characteristic (ROC) curves.
RESULTS
During the study period, 33 patients who had undergone a liver transplant more than one year previously, between 2002 and 2010, were included and subjected to liver biopsy and elastography examinations. The original indication for transplantation had been cirrhosis due to the hepatitis C virus in 21 cases (63%) and other causes in 37% ( There was no statistical difference between the values from the ARFI elastography between the patients with hepatitis C and those with other hepatic diseases.
DISCUSSION
The prospect of a reduction in the number of biopsy procedures performed on operated patients is very important, both for patients and for hospitals, because of the risk of the invasive examination and the cost. Therefore, this study strove to contribute through presenting an alternative to liver biopsy for evaluating post-transplantation liver elasticity.
New noninvasive diagnostic methods have arisen for evaluating the degree of liver fibrosis over recent years: serological tests, elastography and magnetic resonance imaging. Hepatic elastography has been highlighted due to its harmlessness, speed and technical ease of implementation. Table 2 . Cutoff values for acoustic radiation force impulse (ARFI) elastography differentiating each group of patients according to the degree of fibrosis, evaluated by means of biopsy, with sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) Transient elastography was the first widely disseminated method used for evaluating chronic hepatopathy. 17 Piscaglia et al. 8 demonstrated that transient elastography produced better results than did biochemical tests for quantifying the degree of fibrosis in patients undergoing liver transplantation because of the hepatitis C virus. In 56 patients, accuracy rates greater than 85% were obtained among those with significant fibrosis. 22 The study by Piscaglia et al. 8 ARFI elastography, the subject of the present study, was the first technique to be coupled with conventional ultrasound equipment, and it has the advantage of viewing both the liver and the measurement site. A meta-analysis on more than 3,000 patients demonstrated that it had high accuracy for quantifying the degree of hepatic fibrosis, 23 and that its results were similar to those from transient elastography. However, few studies have used ARFI elastography on transplanted livers. 24 Crespo et al. 25 examined 87 patients and found that the sensitivity and specificity of ARFI elastography were 76% for F2 and 85% for F4. Wildner et al. 26 used ARFI elastography on 58 patients who underwent transplantation and showed that the velocities were significantly higher in the patients with advanced fibrosis.
In the present prospective study, despite the limited number of patients, two primary results can be noted: firstly, ARFI elastography was able to distinguish between livers transplanted in the group with F0-F1 and those in the group with F2-F3, with a statistically significant difference. There was significant correlation between the velocities obtained and the presence of septa and centrilobular fibrosis.
The current case study was on patients who received transplants due to hepatitis C virus or other forms of chronic hepatopathy. In the analysis on the two fibrosis groups, the underlying disease was not taken into consideration. This was in fact one limitation of this study: its analysis of patients with hepatitis C and other liver diseases together. Another limitation was the low number of patients, which serves as a stimulus for further investigations on this subject. The velocities obtained in the various degrees of fibrosis following transplantation were similar to those described in populations of chronic hepatopathy cases that did not undergo transplantation. 
